Tumor necrosis factor receptor II (TNFRII) is one of the TNF receptor superfamily members and our recent pathological studies show that TNFRII is deficient in the brains of Alzheimer's disease (AD). However, the mechanisms of TNFRII in AD pathogenesis remain unclear. In the present study, by using the gene-targeting approach to delete TNFRII in AD transgenic mouse model, we found that, in the brain of APP23 mice with TNFRII deletion (APP23/TNFRII 2/ 2 ), AD-like pathology, i.e. plaque formation and microglial activation, occurs as early as 6 months of age. To test whether the increased levels of Ab plaques was due to elevated Ab, we measured Ab and found that Ab levels indeed were significantly increased at this age. Because b-secretase, BACE1, is critical enzyme for Ab production, we have examined BACE1 and found that BACE1 is increased in both protein levels and enzymatic activity as early as 6 months of age; Having shown that BACE1 promoter region contains NF-kB binding sites, we found that cytoplasmic NF-kB was elevated and SUMO1 binding to IkBa was decreased. To further verify these findings, we have overexpressed TNFRII and identified that overexpressing TNFRII can reverse the findings from APP23/TNFRII 2/2 mice. Altogether, our results demonstrate novel roles of TNFRII in the regulation of Ab production, suggesting a potential therapeutic strategy for AD by up-regulating TNFRII levels and elevating phosphorylated IkBa by SUMOylation.
INTRODUCTION
Pathologically, AD brains can be identified by the progressive formation of insoluble amyloid plaques that are composed of amyloid b-peptide (Ab) fragments, which are proteolytically derived from the larger amyloid precursor protein (APP). Ab peptide was produced by two proteolytic enzymes, b-(BACE1) and g-secretase. APP is firstly cleaved by BACE1 at the N-terminus of the Ab domain (1 -4) . This cleavage generates the soluble APPb (sAPPb) and C99 fragments, which undergo a second cleavage by g-secretase (3,5 -7) . g-Secretase cleavage is not precise and produces a spectrum of Ab peptides that vary in length by a few amino acids at the carboxyl terminus (8) .
Prominent activation of inflammatory processes and innate immune responses are observed in AD brain samples (9 -13) .
Particularly, microglia are activated at the sites of amyloid deposits in the AD brain and release a wide variety of pro-inflammatory mediators which contribute to further neuronal dysfunction and even cell death (14) (15) (16) (17) . TNFa, one of pro-inflammatory cytokines, exerts its cellular effects through two distinct receptors-type I and type II of TNF receptors (TNFRI and TNFRII). The two receptor subtypes are similar in their extracellular regions because each contains four cysteine-rich repeat domains. However, they are structurally different (78% differences in amino acid sequences) in their intracellular regions, indicating possible distinct biological functions and intracellular signal transduction pathways. Recently we found (18) that TNFRI deletion decreased Ab peptide generation by inhibiting BACE1 levels via the NF-kB pathway. Moreover, we recently found that TNFRII is deficient in AD brains (19) . * To whom correspondence should be addressed at: Roskamp Institute, 2040 Whitfield Avenue, Sarasota, FL 34243, USA. Email: yshen@rfdn.org (Y.S.); rli@rfdn.org (R.L.)
Whether and how TNFRII plays a role in AD pathogenesis is unknown. In this study, we knocked out TNFRII gene in transgenic APP23 mice and found that Ab plaque number and levels dramatically increase as early as 6 months of age. We also found increases in both BACE1 protein level and enzyme activity. And the promotion of BACE1 could be reversed by overexpressing TNFRII. Interestingly, we found that the deletion of TNFRII results in the de-SUMOylation of IkBa;NF-kB complexes, which destabilizes the NF-kB complex and enhances NF-kB dissociation and translocation into nuclei.
RESULTS

Amyloid plaque formation is elevated in APP23/TNFRII
2/2 mice APP23 transgenic mice with 7-fold human APP mutations overproduce Ab, Ab40 and Ab42, and develop significant amyloid deposits by 14 months of age (20) . To explore the possibility of TNFRII roles in Ab plaque formation, we generated APP23/ TNFRII 2/2 mice by crossing APP23 mice with TNFRII knockout mice (TNFRII 2/2 ) (21). Using immunohistochemical staining, we examined the brain sections with an anti-Ab monoclonal antibody 6E10 (3, 22) , and observed that, at 12 months of age ( Fig. 1A-D) , APP23 mice displayed numerous Ab plaques throughout the cortex and hippocampus, which was consistent with previous reports (18, 20) . Interestingly, in APP23/ TNFRII 2/2 mice, Ab plaques were visualized as early as 6 months of age ( Fig. 1A and B) . However, these Ab plaques were rarely observed in APP23 mice at this time point (Fig. 1A and B, * P , 0.01). At 9 and 12 months of age, although both APP23 and APP23/TNFRII 2/2 mice displayed large amounts of Ab plaques in the cortex and hippocampus regions, a significant increase in the number of Ab plaques were seen in APP23/ TNFRII 2/2 brains ( Fig. 1C and D, * P , 0.01) compared with age-matched APP23 mice, indicating that the genetic deletion of TNFRII gene might be the cause of early onset of Ab plaque formation and increased number of Ab plaque. At 3 months of age, neither APP23 nor APP23/TNFRII 2/2 mice displayed signs of Ab plaque formation (data not shown).
Microglia activation is increased in APP23/TNFRII
2/2 mice Microglia activation is another hallmark of Ab pathology progression (23) (24) (25) . Using CD45 and CD11b, two wellcharacterized microglia activation markers (23 -25), we observed whether there were more activated microglia in APP23 mouse brains with TNFRII 2/2 deletion. Without Ab plaque formation, neither APP23 nor APP23/TNFRII 2/2 mice displayed any CD45 staining at 3 months of age, indicating that the activation of microglia could not be obviously observed without Ab plaque formation. At 6 months of age, while APP23 mice exhibited light CD45 positive staining (Fig. 1E ), APP23/ TNFRII 2/2 mice had greatly increased number of CD45 positive cells in the cortex and hippocampus (Fig. 1E ). At 12 months of age, both APP23 and APP23/TNRII 2/2 mice illustrated extensive immunoreactivity with antibodies against CD45 in the cortex and hippocampus (Fig. 1F) , which was consistent with previous reports (18, 26) .
Ab production is elevated in APP23/TNFRII 2/2 mice
To examine whether early onset of Ab plaque formation and increased numbers of Ab plaques in APP23/TNFRII 2/2 mice was due to changes of Ab production, we measured levels of total Ab 12x , Ab40 and Ab42 in APP23 and APP23/ TNFRII 2/2 mouse brains (n ¼ 10 for each group). Consistent with the results of the increased numbers of Ab plaques, total Ab 12x levels were elevated at 6 months of age in APP23/ TNFRII 2/2 mice compared with APP23 mice (Fig. 2A , * P , 0.05, * * P , 0.01). The increase tendency of total Ab 12x levels was merged until 12 months of age in APP23 and APP23/ TNFRII 2/2 mice ( Fig. 2A , * * P , 0.01). Next, we measured the levels of Ab40 and Ab42, two major components of Ab peptide during aggregation, and the ratio of Ab42/Ab40 which was correlated with Ab aggregation (27, 28) . We found a steady increase in soluble Ab40 level from 3 to 12 months of age in APP23 mice (Fig. 2B) . However, there was 46% decrease in soluble Ab40 level in 6-month-old APP23/TNFRII 2/2 mice compared with age-matched APP23 mice (Fig. 2B , * * P , 0.01). No significant differences of soluble Ab40 level were found among other age groups examined (3, 9 and 12 months old). We also found a significant decrease in soluble Ab42 levels exclusively in 6-month-old APP23/TNFRII 2/2 mice (Fig. 2C , * * P , 0.01). To measure insoluble Ab40 and Ab42, as we described in the Materials and Methods, the insoluble pellets from centrifugation of brain homogenates with radioimmunoprecipitation buffer (RIPA) buffer were dissolved in formic acid and, then insoluble Ab40 and Ab42 protein levels were measured by enzyme-linked immunoabsorbant assay (ELISA) kits. A corresponding 2-fold increase in insoluble Ab40 levels was observed in APP23/TNFRII 2/2 mice compared with APP23 mice at the age of 6-, 9-and 12-months old, except 3 months of age (Fig. 2D, * P , 0.05, * * P , 0.01). Similar results were obtained for insoluble Ab42 level, except at the group of 12 months old (Fig. 2E, * P , 0.05, * * P , 0.01).
BACE1 levels and enzymatic activity, but neither g-secretase nor Ab degradation enzymes, are elevated in APP23/TNFRII 2/2 mice There are three possible mechanisms that account for increased Ab production in APP23/TNFRII 2/2 mice. The first is altering APP protein levels; the second is the activity changes of enzymes involved in Ab production, such as BACE1 and g-secretase; the third is the changes of the degradation enzymes neprilysin (NEP) and insulin degradation enzymes (IDE). We examined the expression levels of APP, BACE1, g-secretase, NEP and IDE at different age stages in wild type (WT), APP23 and APP23/TNFRII 2/2 mice. Results showed similar APP levels in both APP23/TNFRII 2/2 and APP23 mice at all age groups (data not shown), suggesting that the difference in soluble and insoluble Ab40 and Ab42 levels between APP23/TNFRII 2/2 and APP23 mice was not due to a change in APP protein levels. The only differences observed in our western blots were the levels of BACE1. Corresponding to increased Ab levels and amyloid plaques in APP23/TNFRII 2/2 mice, significant increases in BACE1 levels began as early as 6 months in APP23/TNFRII 2/2 mice compared with age-matched APP23 mice (Fig. 3A) . Increased BACE1 levels were seen in the mice through 12 months. Combining the data, increased Ab production might be due to the increased APP processing by an increased expression of BACE1. Next, we analyzed BACE1 enzymatic activity (18,29 -31) and found an significant increase in BACE1 activity at the age of 6 months in APP23/TNFRII 2/2 mice when compared with APP23 mice. Similar to the results of BACE1 protein changes, enzymatic activity continued to increase through the 12th month of age in APP23/TNFRII 2/2 mice (Fig. 3B ), indicating that TNFRII deletion not only increases BACE1 expression level but also elevates BACE1 enzymatic activity. This may be the cause of more Ab production from increased APP processing by BACE1.
To further explore whether increased BACE1 protein levels were regulated at the transcriptional level or just at the translational level, we performed reverse transcriptase-polymerase chain reaction (RT-PCR) to measure BACE1 mRNA levels and found increased levels in 6-, 9-, and 12-month-old groups of APP23/TNFRII 2/2 mice compared with APP23 mice (Fig. 3C ). There were no significant changes among the 3-month-old group (Fig. 3C) , consistent with the results from western blots (Fig. 3A) . This indicated that the genetic deletion of TNFRII increased BACE1 protein levels through enhanced transcriptional regulation.
The levels of enzyme activities for NEP and IDE were not changed at all age groups of APP23/TNFRII 2/2 mice compared with levels in APP23 mice ( Fig. 4A-D) . The results indicate that the clearance mechanism of Ab was not related to increased Ab levels found in APP23/TNFRII 2/2 mice. The catalytic subunit of g-secretase complex, PS1, did not reveal any differences between APP23/TNFRII 2/2 and APP23 mice at all age groups that were studied (data not shown).
BACE1 transcription and expression are reduced in TNFRII overexpressed cells
To confirm the suppressive regulation of TNFRII in BACE1 regulation, we transiently transfected APP stable cells with pFlag-CMV-TNFRII and measured the levels of Ab40 and Ab42 in the conditioned medium. Interestingly, we found a decreased level of Ab40 and Ab42 peptides in the TNFRII overexpressed cells ( Fig. 5A and B) . We also detected the protein levels involved in Ab production. Similar to the results obtained from our TNFRII knockout mice; we found that neither g-secretase subunit PS1 nor Ab clearance enzymes NEP and IDE changed (Fig. 5H) . Expectedly, we found a decreased BACE1 level in TNFRII overexpressed cells (Fig. 5C ), along with a significant decrease in BACE1 enzymatic activity (Fig. 5D , * P , 0.01), when compared with the controls. To mice at 6 months of age while the levels in APP23 mice remained relatively low. With aging, total Ab 12x levels displayed a significant increase in APP23/ TNFRII 2/2 mice compared with that in APP23 mice. (B) There was a significant reduction in soluble Ab40 at the age of 6 months in APP23/TNFRII 2/2 mice when compared with APP23 mice. There was no significant difference observed in the other age groups. (C) There was a significant reduction in soluble Ab42 in APP23/TNFRII 2/2 mice at 6 months of age compared with age-matched APP23
mice. There was no significant difference observed in the other age groups.
(D) Insoluble Ab40 levels were increased with aging both in APP23/ TNFRII 2/2 mice and APP23 mice. Increased insoluble Ab40 levels were observed in APP23/TNFRII 2/2 mice compared with APP23 mice at 6 months of age. The significant difference lasted until 12 months of age. (E) Insoluble Ab42 levels were increased with aging both in APP23/TNFRII 2/2 mice and APP23 mice. Increased insoluble Ab42 levels were observed in APP23/ TNFRII 2/2 mice 6 months of age. The significant difference lasted until 9 months of age.
* P , 0.05, * * P , 0.01.
Human Molecular Genetics, 2014, Vol. 23, No. 18 4909 validate the effect of TNFRII on BACE1, the levels of sAPPb in the conditioned medium were detected. We found a decreased sAPPb level in TNFRII transfected cells (Fig. 5E ). We also measured the mRNA level of BACE1 and found that, in agreement with our results obtained from western blots (Fig. 5E ), BACE1 mRNA levels decreased accordingly after TNFRII overexpression (Fig. 5F ).
To further confirm TNFRII role in the transcriptional regulation of BACE1, we transfected HEK293T cells with a pBIP-A vector containing a BACE1 promoter (21941 to +292) that was upstream of a luciferase reporter gene (32, 33) together with pFlag-CMV-TNFRII. Expectedly, we found a significant decrease in BACE1 promoter activity in TNFRII overexpressed cells (Fig. 5G, * P , 0.01), indicating that TNFRII affects BACE1 promoter and inhibits its transcription.
Genetic deletion of TNFRII results in elevation of NF-kB nuclear translocation via decrease of SUMOylation
A line of evidences showed that NF-kB was involved in TNFRIImediated signal transduction pathway (34) (35) (36) , and was bound to BACE1 promoter-specific NF-kB site (37) . To explore the subcellular distribution of NF-kB, we immunostained with an antibody against the p65 subunit of NF-kB, and results showed an increased expression level of NF-kB in the nuclei of TNFRII 2/2 brains (Fig. 6A) . In non-stimulated cells, NF-kB is sequestered by IkBs in cytoplasm; stimulation of various inducers cause IkB phosphorylation and subsequent degradation, liberating NF-kB and transporting into nuclei (18) . One possible explanation is that increased nuclear NF-kB levels is due to an increase in NF-kB release from complex IkBa;NF-kB. Small ubiquitinrelated modifier (SUMO) is the ubiquitin-like protein family (38) (39) (40) (41) . The covalent attachment of SUMOs (SUMOylation) to target proteins is analogous to ubiquitination. IkBa SUMOylation may stabilize IkBa;NF-kB complex and decrease NF-kB release through preventing ubiquitination by E2 (42) (43) (44) . We double stained brain sections of TNFRII 2/2 mice with antibodies against p-IkB and SUMO1. Results showed decreased p-IkB levels and decreased co-localization of SUMO1 and p-IkBa (Fig. 6B) . We further examined the SUMO1 expression by western blot and found no significant level changes between the controls and TNFRII 2/2 brains, suggesting that TNFRII deletion reduces SUMO1 binding to IkB protein but not elevates SUMO1 level. However, when we tested another member of SUMOs, SUMO-4 (43,44), a significant decrease in SUMO-4 level was observed in TNFRII 2/2 brains (Fig. 6C) . Together, our results suggest TNFRII is correlated with the SUMO changes of binding capacity to IkB. Whether the SUMOylation affects IkBa expression and its phosphorylation is still unknown. We tested the expression levels by western blot, and slight but insignificant increases in IkBa and IKKa were present, along with a significant decrease in p-IkBa (Fig. 6C) .
Overexpression of TNFRII prevents NF-kB nuclear translocation by increase of SUMOylation
To further confirm the changes of NF-kB and SUMOs observed in TNFRII 2/2 brains, we overexpressed TNFRII and found a decreased expression level of NF-kB in nuclear extraction (Fig. 7A) . Accordingly, an increased NF-kB level was observed in cytoplasm (Fig. 7B) . The finding was also demonstrated by Figure 3 . TNFRII deletion increases BACE1 levels in APP23 mice as early as 6 months of age. (A) BACE1 levels began to increase in APP23/TNFRII 2/2 mice at 6-, 9-and 12-months old. (B). There was no significant difference in BACE1 enzymatic activity between WT and APP23 mice. However, increased BACE1 enzymatic activity was observed at 6 months in APP23/TNFRII 2/2 mice compared with APP23 mice. This difference lasted until 12 months of age. (C). RT-PCR showed increased BACE1 levels in 6-, 9-and 12-months-old APP23/TNFRII 2/2 mice compared with APP23 mice. Mouse s18 was used as a loading control.
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immunohistostaining (Fig. 7C) . Meanwhile, we observed a significant increase in p-IkBa protein levels, but no significant change in non-phosphorylated IkBa (Fig. 7B) ; these results were further confirmed by immunocytochemistry with antibodies against SUMO1 and p-IkBa (Fig. 7D) . One possible explanation of why the NF-kB and p-IkBa levels increased in cytoplasm is that SUMO1 keeps complex IkBa;NF-kB stability. Images showed increased co-localization of SUMO1 and p-IkBa in TNFRII overexpressed cells (Fig. 7D) . The results suggest that TNFRIIinduced SUMOylation plays a role in the decreased release of NF-kB from complex IkBa;NF-kB.
DISCUSSION
We observed that genetically deleting TNFRII in APP23 mice resulted in premature and more amyloid plaques due to the up-regulation of BACE1 protein levels and activities. In contrast, TNFRII overexpression inhibited BACE1 transcription by limiting NF-kB nuclear translocation. TNFRII inhibition of NF-kB release is due to enhancing SOMOylation of IkB;NF-kB complex. These findings provide evidence that TNFRII plays a beneficial role in AD, and without it, early onset of amyloid plaques would occur. NF-kB belongs to a family of ubiquitously expressed Rel-related transcription factors and is activated by the proteolytic degradation of inhibitors from NF-kB (IkBs) in the cytoplasm. Once activated, NF-kB is translocated to the nuclei and exerts its function on gene transcription. BACE1 promoter contains a number of putative transcription factor binding sites, including Sp1, NF-kB, YY1, MZF1, HNF-3b and four GATA sites, and is highly conserved between rats, mice and humans (3, 6, 33) . A detailed analysis using BACE1 promoter constructs carrying NF-kB site mutations revealed a unique cell typespecific regulation of BACE1 promoter activity (6) . We found that NF-kB has a bilateral role in the regulation of BACE1 promoter activity in different cell types. In neuroblastoma cells, such as SH-SY5Y cells or PC12 cells, NF-kB acts as a suppressor under basal conditions. In the situation of exposing soluble Ab peptides to neurons or activation of glial cells by TNF-a, however, NF-kB acts as an activator on BACE1 expression (37) . In the present study, we found that NF-kB played an activating role in BACE1 promoter in APP23 mice, consistent with our previous results (18) .
Overall, inflammatory changes are observed in AD brains, particularly around amyloid deposits, which are rich in activated microglia. Immunocytokine TNFa is a central mediator of inflammation, immune response and antiviral defense (45, 46) . TNFa binds and signals through two distinct receptors, TNFRI and TNFRII, and are capable of activating NF-kB through different mechanisms (34) (35) (36) . Our previous study illustrated that TNFRI signaling could directly regulate BACE1 transcription through NF-kB pathway (18) . Here, we suggested that TNFRII could also directly regulate BACE1 transcription through NFkB pathway. However, the regulations of TNFRI and TNFRII on the activation of NF-kB were quite different. It has been suggested that TNFRI is capable of activating NF-kB through its Fas-associated death domain protein (FADD) /TNFR1-associated death domain protein (TRADD) interaction (34) . However, the exact signal transduction pathway in the TNFRII-mediated activation of NF-kB is still unclear. It is possible that RIP, NIK, JNK and other molecules might be involved in TNFRII-NF-kB pathway (34) . The ability of TNFRI to activate NF-kB appears to account for majority of TNFa-stimulated NF-kB activation, while TNFRII-stimulation accounts for 10% of the achievable TNFR-stimulated NF-kB activity (34) . It suggests that TNFRII is not only a ligand passing protein, but it is also actively involved in NF-kB activation. There has been reported that TNFRII could lead to the activation of NF-kB even in the absence of the ligand (47, 48) . Here, we found that, however, in TNFRII deletion brains, NF-kB levels are not decreased but increased, conversely, which resulted from IkB;NF-kB SUMOylation. Ubiquitin and the individual SUMO family members are all targeted to different proteins with diverse biological functions. Ubiquitin predominantly regulates degradation of its target proteins (41) . SUMO1 is an ubiquitin-like protein, which binds to a wide range of target proteins. SUMO1 is conjugated IkBa to regulate nuclear trafficking and protein stability (42) . SUMO-1-modified IkBa cannot be ubiquitinated and function as an antagonist of ubiquitin in the proteasome-mediated degradation process. As a result, overexpression of SUMO-1 inhibits signal-induced activation of NF-kB-dependent transcription (42) . In the present study, we discovered that TNFRII was able to reduce NF-kB release by SUMOylation of IkBa;NFkB complex. SUMO4 is another member of the SUMO gene family. It is located in the cytoplasm and specifically modifies IkBa, leading to negative regulation of NF-kB-dependent gene transcription (43, 44) . SUMO4 expression in TNFRII 2/2 brains is much lower than in WT controls, also suggesting TNFRII role in stabilizing NF-kB in cytoplasm. Our observation in TNFRII deletion or overexpression suggested that one of the physiological functions of TNRFII is primarily the maintenance of IkBa;NF-kB stability. It may be partly explained that even if TNFRII is stimulated, due to prevention from NF-kB release, the NF-kB activation response is at a lower level ( 10% compared with TNFR1-stimulation) (34) . It also suggest that the activation of NF-kB may be elevated to a limited level in spite of the activation of TNFRII-NF-kB pathway.
Collectively, genetic deletion of TNFRII resulted in NF-kB accumulation in the nuclei due to a decrease in the binding of SUMOs to IkB;NF-kB, which elevated BACE1 transcription and led to an increase in BACE1 expression as well as BACE1 enzymatic activity. Accordingly, it increased cleavage of APP by BACE1, ultimately, led to the increased Ab production and amyloid plaque formation as confirmed in our experiment (Fig. 8) . Moreover, inflammation in AD is considered as 'secondary response'. Our present study demonstrates that conventionally genetic deletion of TNFRII enhances AD-like pathology. This suggests that inflammatory changes in the very early stage, even in the developmental period, may affect the brain function, i.e. such as synapse elimination, neuronglial communication as well as neural circuits. This may be also considered as 'primary' or 'environmental impact to the brain', which then influences APP or even tau cascade.
MATERIALS AND METHODS
Generation of APP transgenic mice with deletion of TNFRII TNFRII knockout (TNFRII 2/2 ) mice were of C57BL/6 background, constructed as previously reported (49) . APP23 transgenic mice with human APP (751 isoform) cDNA harboring the Swedish double mutation (KM670/671NL) developed senile plaques in the cerebral cortex and hippocampus, along with neuronal loss at 18 months of age that was most evident in the hippocampal CA1 region (20 +-TNFRII 2/2 mice were used in the experiments. To keep the APP gene heterozygous, APP23 mice were continually crossed with C57BL/6 WT mice; the resulting mice were genotyped and APP positive mice were used in the experiments.
Immunohistochemistry
As previously described (18, 50) , paraformaldehyde-fixed brains were sectioned at 30 mm and incubated with 6E10 (Chemicon), CD45 and CD11b (Serotec). Immuno-double staining were performed with anti-NF-kB polyclonal antibody (Santa Cruz Biotech), anti-p-IkBa monoclonal antibody (Cell Signal), SUMO1 polyclonal antibody (Abcam), and counter staining with 4
′ ,6-diamidino-2-phenylindole (DAPI) (Santa Cruz Biotech).
Enzyme-linked immunoabsorbant assay
APP23 and APP23/TNFRII 2/2 mice at 3, 6, 9 and 12 months of age were sacrificed, and half of the brain was homogenized in a homogenization buffer [250 mM sucrose, 20 mM Tris -HCl pH 7.4, 1 mM ethylenediaminetetraacetic acid (EDTA), 1 mM ethylene glycol tetraacetic acid (EGTA)]. For soluble and insoluble Ab fractions, mouse brains were homogenized in 1×RIPA buffer by a Dounce homogenizer; the supernatant resulting from 14 000 rpm centrifugation for 30 min was the soluble fraction. The insoluble pellet was dissolved in formic acid and neutralized by neutralization buffer (3 M Tris Base). Sample protein concentration was quantitated by protein assay kit (Bio-rad).
For total Ab 12x ELISA, monoclonal 4G8 (Chemicon) was used as capture antibody and biotinylated 6E10 (Serotec) was used as detection antibody (3) . Both Ab40 and Ab42 were measured by an Ab40 and Ab42 ELISA kit from Biosource following the manufacturer's instructions.
Western blots
Fifty micrograms of total proteins were separated on sodium dodecyl sulphate-polyacrylamide gel electrophoresis gel and transferred to PVDF membrane. The blots were probed with following antibodies: anti-6E10 monoclonal antibody (R&D system); anti-BACE monoclonal antibody (R&D system); anti-PS1 N-terminus polyclonal antibody (gift from Dr Sangram Sisodia, University of Chicago); anti-NEP monoclonal antibody (R&D system), anti-IDE polyclonal antibody (Oncogene); anti-NF-kB p65 polyclonal antibody, anti-IkBa polyclonal antibody (Abcam) and anti-PARP polyclonal antibody (Santa Cruz Biotech); anti-p-IkBa (S32 and S36) monoclonal antibody (Abcam), anti-SUMO1 (Abcam), anti-SUMO4 monoclonal antibody (Sigma) and anti-b-actin monoclonal antibody (Sigma).
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BACE1 activity assay
An aliquot of brain homogenates from APP23, APP23/ TNFRII 2/2 and WT mice was further lysed with a lysis buffer (10 mM Tris-HCl [pH 7.4], 150 mM NaCl, 1 mM EDTA, 1 mM EGTA, 1 mM Na 3 VO 4 , 10% Glycerol, 0.5% Triton X-100). BACE1 substrate (Biosource) was dissolved in DMSO and mixed with reaction buffer (50 mM HAc, 100 mM NaCl; pH 4.1). An equal amount of protein was mixed with 100 ml of substrate, and fluorescence intensity was measured with a microplate reader at an excitation wavelength of 320 nm and an emission wavelength of 390 nm.
Cloning and transfection
Human TNFRII was amplified by RT-PCR and then subcloned to pFlag-CMV vector (Sigma). We used 293 cells stably transfected with human APP695 (gift from Dr Dennis Selkoe from Bragham & Women's Hospital, Harvard University) that were maintained in Dulbecco's modified Eagle's medium with 10% fetal bovine serum. APP695 stable cells were transfected with TNFRII expression vector by Effectene (Qiagen) according to the manufacturer's instructions. Forty-eight hours after transfection, the conditional medium and cells were collected for Ab ELISA, western blots and BACE1 activity assay as described above. The pCMX-IkBa M plasmid was a gift from Dr Verman (Salk Institute for Biological Studies). It was co-transfected into APP695 stable cells with pFlag-CMV-TNFRII as described above.
RT-PCR
Total RNA was extracted from pFlag-CMV-TNFRII transfected APP695 stable cells by RNeasy mini kit from Qiagen. A one-step RT-PCR kit used was from Invitrogen for BACE1 detection. ′ -CAG TGG AAG GTC CGT TTG TT and reverse primer 5 ′ -CTA AAG GAT GCT GGG CAG AG were used to amplify BACE1 mRNA coding region from 1734 to 2263. Mouse s18 was used as a loading control; forward primer, 5 ′ -CAG AAG GAC GTG AAG GAT GG and reverse primer, 5
′ -CAG TGG TCT TGG TGT GCT GA were used. The amplified mouse S18 fragment was 159 bp. Total RNA was extracted from the brains of WT, APP23 and APP23/TNFRII 2/2 mice at 3, 6, 9 and 12 months (n ¼ 5 for each group) using an RNA mini column kit (Invitrogen). Real time PCR was performed at 518C for 30 min for cDNA synthesis then 948C for 30 s, 508C for 30 s, 688C for 1 min, for a total of 35 cycles.
Cell transfection and luciferase assay
We transfected 293T cells with pFlag-CMV-TNFRII and pB1P-A vector containing a BACE1 promoter (21941 to +292) upstream from a luciferase reporter gene (32) using Effectene (Qiagen). Cells were collected 48 h after transfection, and a luciferase assay (Promega) was performed following the manufacturer's instructions. As an internal control, PCH110 containing b-galactosidase enzyme was used. Luminescence intensity was measured with a microplate reader, normalized to the value of b-galactosidase enzyme, and plotted as an arbitrary unit to b-galactosidase enzyme.
Nuclear extraction
Nuclear fraction was extracted from APP695 stable cells transfected with pFlag-CMV-TNFRII using a nuclear extraction kit (Imgenex Corporation). Nuclear and cytoplasmic fractions were collected for the western blots of NF-kB, IkBa and p-IkBa. Poly (ADP-ribose) polymerase (PARP) was used as a loading control for nuclear fraction and b-actin was loading control for cytoplasmic fraction.
Quantitation of immunoreactive structures
Serial sagittal sections (30 mm) through the entire rostrocaudal extent of the hippocampus were cut with a cryostat. Every 10th section was immunostained with an anti-6E10 antibody. On all sections containing the hippocampus, we delineated the pyramidal cell layer CA1. The total number of Ab-immunoreactive plaques was obtained using unbiased stereology (51, 52) and a Leica microscope (Leica, Germany) equipped with a DEI-470 digital camera (Optronics, Goleta, CA). For each section, we delineated a 400 mm 2 area in the CA1 and cortex, and then counted all Ab-immunoreactive plaques within that 400 mm 2 box. The average number of Ab-immunoreactive plaques was calculated per animal (n ¼ 10). We also measured the diameter of each counted plaque, and used the same method to count activated microglial cells (stained with CD45) in the hippocampus and cortex in a double blind manner. Differences between groups were tested with Image-pro Plus Analysis (MediaCybernetics, Silver Spring, MD).
Statistical analyses
Each experiment was performed independently at least three times, and the results were presented as mean + standard error of mean (SEM). One-way analysis of variance (ANOVA) and Student -Newman -Keuls test, or t-test, was used to compare the differences between the means. A level of P , 0.05 was considered to be statistically significant.
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